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ABSTRACT

Developing countries lack proper segregation practices leading to biomedical waste
management. (Muhwezi, 2014). This has led to accidental injections with contaminated
syringes causing 21 million hepatitis B virus (HBV) infections, 2 million hepatitis C
virus (HCV) infections, and 260,000 HIV infections globally(HCWMP 2016-2021). The
aim of this study was to assess the biomedical waste handling practices amongst
healthcare workers in Mombasa County hospitals. Cross-sectional study design, stratified
random. Data collection instrument were structured questionnaire and observational
charts. Data was analyzed using SPSS Version 22 where comparison of mean by
ANOVA was used to test significance of the results at 0.05 significant levels. Despite
having knowledge on segregation and risks of exposure to biomedical waste
71.1%(1.17+0.157) of the respondents were exposed to biomedical hazards, sanitary
staff(15.6% (2.11+0.123))of the respondents were less educated ( certificate the highest
level) and lacked key information on biomedical waste guidelines of precautionary
principle and government strategic plan on hospital waste management. 42.2 %(
1.21+0.091) of the respondents lacked adequate supply of color-coded waste containers
leading to mixing of biomedical waste. 36.7 %( 1+0.00) of the respondents were
informed of government medical waste management plan while 63.3% (1.14+0.46) had
no idea P=0.277(>0.05). In conclusion, waste handling practices in Mombasa sub county
hospitals are inadequate in relation to WHO,2014 guidelines due to deficient segregation
and handling equipment and low level of awareness. | therefore recommend the review of
the current waste management program and development of a more proactive approach
that will ensure adequate supply of waste handling equipments and improve awareness
on proper handling practices.

© 2018 Elixir All rights reserved.

Introduction

The healthcare industry just like any other industry that
involves human activities produces waste. According to
(ICRC, 2011) and (WHO, 2014), 75-90% of the HCW are
similar to domestic waste or municipal waste and the
remaining 10-25% are hazardous which calls for exceptional
attention in their management. In Africa, estimated average
HCW generation is as follows: Primary Healthcare clinics:
0.1kg per patient per day, small district hospitals: 1kg per
patient per day, General hospitals: 2kg per patient per day and
Major Teaching and Referral hospitals: 4kg per patient per
day (Enyenu, 2013), World Bank Agenda for Environment
and Responsible Development in 2009. Africa has estimated
67740 health facilities generating 282447 tons and the
composition of waste every year and most of these wastes are
dumped without treatment in open dumps without treatment
and poorly functioning incinerators (Udofia, et al., 2015).
Healthcare workers, especially the nursing workforce are at a
great risk of infection through injuries contaminated sharps.
Healthcare waste handlers and other personnel working

outside health care establishments are also at significant risk
but much lower among patients and the public. In general,
however, the scenario continues to be difficult to assess,
especially in developing countries. It is suspected that a high
incidence rate of infections with a wide range of pathogens
have been as a result of exposure to inappropriately managed
healthcare wastes in developing countries (WHO, 2014).

The risks involve serious viral infections such as
HIV/AIDS and hepatitis B and C. World Health Organization
(WHO) estimated in year 2000 that sharps accidents
accounted for over 66,000 cases of infection with the HBV,
16,000 cases with HCV and 200 to 5,000 cases of HIV
infections amongst the healthcare (ICRC, 2011). In Kenya
Sub-County Hospital, the Level of adherence to waste
disposal guidelines was low (16.3%) and insignificantly
different among nurses and waste handlers, which results
compliance, remains a key challenge. This low adherence
rates means health workers and people living within health
facilities are at great risk of environmental and health hazards
associated with waste, in addition to diseases (Njue, et al.,
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2015). In Africa, World Health Organization and World Bank
Agenda estimate average HCW generation for Small District
hospitals for Environment and Responsible Development to
1kg per patient per day (Enyenu, 2013).

According to USAID, (2012) in 111 facilities across
Kenya, it was found that only 7.2% were compliant on
incineration, waste water- 19.2%, respirators- 29.0%,
segregation- 59.5%. Notably though, 96.3% of the facilities
were compliant on sharps management. Accidental injections
with contaminated syringes caused 21 million hepatitis B
virus (HBV) infections (32% of all new infections), two
million hepatitis C virus (HCV) infections (40% of all new
infections), and 260,000 HIV infections (5% of all new
infections) globally.

More than 2 million health-care workers exposed to per-
coetaneous injuries with infected sharps every year (HCWSP,
2016-2021). This is due to, most medical facilities outsource
the services of private firms with no or limited capacities to
handle medical wastes while employees of these companies
have limited education, poor training, and lack equipments
for personal protection and effectively handle the biohazards
(Muhwezi, 2014). Waste handlers are largely underequipped
across all levels of facilities and lack appropriate protective
gear for waste handling.

Adherence to various GOK regulations and WHO
guidelines across 111 facilities surveyed found that all
facilities were noncompliant with Level 3 and 4 facilities in
Kenya were worst off. For instance, healthcare wastes
originating from healthcare facilities are dumped either into
their backyard in a simple pit or put in open garbage to bins
(USAID, 2012). HCWHs lack knowledge on healthcare waste
type, knowledge on potentiality of HCW to transmit
infections, training and availability of guideline documents
(Muluken, et al. 2013,). This study will focus on Tudor,
Portreitz, and Likoni Sub-County hospitals that fall under
these categories of healthcare facilities. The study will focus
on evaluating how these shortfalls have affected the HCWH
exposure to biohazards.

Materials and methods
Study site

The study was carried out at Tudor, Portreiz and Likoni
sub county hospitals in Mombasa county.
Study design

This study employed a descriptive cross-sectional design.
Study Population

The study population focused was sanitary staff, doctors,
Clinicians and the nursing staff. According to WHO (2014),
nursing workforce, doctors, clinicians waste collectors and
cleaners face the highest risk of exposure to biohazards.

The total nursing population in the three Sub-County
hospitals was 61, doctors 18, Clinicians 26, laboratory
technologists 10 and that of waste collectors and cleaners is
35.

Sample Size Determination and Sampling Method

The sample size was determined using Atchleys

formula (Saunders and Thornhill, 2009).

- _z'p(1-p)
dﬂ

n= desired sample size
p- proportion in target group or prevalence estimated to have

the measured character.
Z = reliability co-efficient or standard normal deviation at the

required confidence level
d= the level of statistical significance or degree of freedom,

so if

7= reliability co-efficient (1. 96)

p- prevalence (16, 39) source ( Njue et al 2015)
d= degree of freedom (. 05)

_ 1962 x 0.163(1—0.163)
n= 0.052

The required sample was n = 210
But since target population is way below 10,000 the final

sample estimate (Tlf) will be calculated using n, = 7:1
1+

Where;
N Was the estimated study population and 5 is the required
sample size.
Study population size, jy= 256

210
Therefore, _ - 116

f ~ 1+210/256
The final sample size estimate, ng

116+10% (attrition rate) = 128
Sampling technique

A stratified random sampling approach was used in
selection of the subjects by first identifying the population of
the targeted respondents (nurses, clinical officers, Doctors,
laboratory technologists and sanitary staff) then apply the
simple random method to determine the study participants
from each strata proportionately. All the three sub county
hospital were sampled and the sample size distributed equally
per each facility as the study population is equally distributed
(table 1). This study design applied the principle of picking
the subjects randomly hence reducing the selection bias.
Instruments for data collection

Structured questionnaires observation chart were utilized
to determine the waste practices assessment (segregation,
storage, transportation, treatment, and disposal). This was
done in accordance with fundamental guidelines from the
(World Health Organization, National Environmental
Management Authority, and The Health Care Waste
Management Plan, 2016-2021).
Data collection procedure

This was done using Questionnaire and Observation
chart Research assistants administered the questionnaires.
This is after they underwent a two days training prior to data
collection. This was necessary because some respondent had

Table 1. Sample distribution.
Carder Population Sample
Carder portreiz | Tudor | Likoni | Total | Portreiz | Tudor | Likoni | Total
Doctors 10 9 5 24 5 4 3 12
Clinical Officer 15 12 7 34 8 6 3 17
Nurses 92 25 20 137 46 13 10 69
Sanitary staffs 12 6 10 28 6 3 5 14
Lab Technologist | 9 5 6 20 5 2 3 10
Dentists 6 2 5 13 3 1 2 6
Total 144 59 53 256 73 29 26 128
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limited education and therefore required rephrasing of
questions. Observation and recording of the finding was done
by the use of predesigned observation check to collaborate
what the respondents said and the actual practice.
Data processing and analysis

The data obtained from the questionnaires were cleaned,
coded, and tabulated. The data was then analyzed using the
Statistical Package for the Social Sciences, version 22.0
where comparison of means was done by ANOVA to
determine significance of findings. WHO (2014), Health Care
Waste Management Plan, (2016-2021), and environmental
management legal frameworks were used to validate the
collected data by comparison.
Ethical considerations

The research involved human subjects as the main source
of Data. Therefore all the details, intentions , objectives and
procedures were subjected to ethical committee review for
approval, after which the research participants were fully
informed of all the details of research and there after allowed
to make informed decision on whether to take part or not.
The details of research participant remained secured and
findings kept confidential.
RESULTS
Demographics
28.9% (1.71+0.056) were male, 71.1% (1.57+0.056) were
female (Fig 1).

gender

I Male

mFemale

Figure 1. genders of the respondents.

Among the respondents, those aged between 41-50 years
were 46.7% (1.53+0.053), followed by 31-40 at 34.4%
(1.66+0.050), then 21-30 10% (1.9+0.032) while those above
50 years were 8.9% (1.91+0.030) (Figure 2).

AGE

50%
45%

10%
35%
¥ 3%
£ o5
g
o 20% 38.40%
15%
10%
5%

0%
more than 50

Ageinyears

Figure 2 Age distribution of the respondents
Among the respondents, trained health workers with
diploma level were 44.4% (1.53+0.053), while certificate
10% (1.90+0.032), secondary education 16.6% (1.83+0.040),
primary education 10% (1.90+0.032), while those with
degrees/masters were 19% (1.79+0.043) (Fig. 3).
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Figure 3. level of education of the respondents.
4.2.1 Employment status
34.4% (2.42+0.196) were nurses, clinical officers 18.8%
(2.47£0.125) doctors 4.4% (2.33+0.142), laboratory
technologists 11.1% (2.10£0.10) sanitary  staff
15.690(2.11+0.132) and dentists6.6%(3.00+0.0)(Fig.4).

34.40%
18.0094
15.60%
1330% W 17 10%
6.70%

Nurses  Daoctors  Labtechs  Clinical Sa.mm.fv Dentists
officers

35.00%
30.00%
£ 2500%
7 20.00%
£ 15.00%
£
< 10.00%
5.00%

0.00%

Category
Figure 4. job cadre of the respondents.
The employment status of the respondents were
permanent 48.9% (2.39+0.074), contract 46.7% (2.64+0.159)
while casuals were 4.4% (3+0.0)(Fig.5).
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Figure 5. duration of employment of the respondents.

51.1% (2.61+0.96) of the respondents had worked for 1-
10years, 11-20 28.9% (2.81+0.136) 11-20 years while 20%
(2£0.243) having worked for less than a year. 66.6%
(2.35+0.95) worked for more than 8 hours daily while 28.9%
(2.77+0.139) worked for 1-4 hours daily and 4.4% (4+0)
worked for between 5-8 hours (Fig.6).
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Figure 6. number of hours worked daily by the
respondents.
Biomedical waste management practices
57.8 %( 1.18+0.041) reported to have been provided
with the recommended red, yellow, and black color-coded
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waste containers. 17.8% (1.03+0.03) indicated that they are
provide with red and black coded waste containers whereas
24.4 %( 1.16+0.012) were provided with only black (Fig.8).

provision of segregation containers

120.00%
100.00%
80.00%

60.00%

frequency’

40.00%

20.00%

0.00%
Red and black Black
Category of colour coded containers

Figure.7 color-coded containers provided.
77.8%(1.22+0.044) reported to correctly dispose
anatomical waste in the red containers. 21.2 %( 1.12+0.32)
disposed the anatomical waste into black coded containers.
The contaminated materials were correctly disposed in yellow
coded containers by only 17.8 %( 1.62+0.081) of the
respondents while a majority 55.6% deposited them in the red
coded containers. 91.1 %( 3.82+0.060) disposed used medical
sharps in safety boxes while all the respondents indicated to
dispose general wastes into black coded containers. 57.8 %
(1.51+0.069) admitted to always segregate biomedical waste
upon disposal while 33.3% occasionally, and 8% not at all
(fig.9). Inadequacy of color coded waste containers was the
main reason at 37.8%( for not segregating biomedical wastes

while 4% indicated to lack the knowhow(2.2+£0.010).

Segregation practices

Red, black yellow

sharp boxes

100.00%
90.00%
80.00%
70.00%
50.00%
50.00%

40.00%

Frequencyl®é)

30.00%

20.00%

10.00%

000% L=
Anatomical Contaminated  medical sharps Chemical waste  General waste
material

Category of waste

Figure.8. segregation practices .

88.8 %( mean=3.08+0.06) of the respondents indicated
the availability of waste disposal sites and 86.7 9%(
1.09+0.030) reported availability of temporary storage for
biomedical waste before disposal. All the respondents
indicated utilization of incinerators as a facility for the
treatment of biomedical waste. 13.3 %( 1.87+0.036) used
autoclaving method, 48.9 %( 1.51+0.053), land disposal, 77.8
%( 1.22+0.044) burial, and 82.2 %( 1.18+0.040) burned the
wastes (Fig.9).

‘Waste treatment and disposal

100.00%
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Figure.9 waste treatment and disposal .

Containers were mostly used to transport the biomedical
wastes at 50 %( 1.80+0.06) while wheelbarrows and wheeled
trolleys at 15.6 %( 1.64+0.133) and 34.4 %(1.39+0.089)
respectively. Whereas 85.6%(1.64+0.133) collected the
wastes daily none of the respondents indicated to have been
weighing and recording the wastes generated. 77.8 %(
1.53+0.061) indicated to correctly dispose sharps containers
when they were % full and 22.2% (2+0.001) continued to use
sharps containers until they were completely full. 52.2%
(1.67£0.08) had adequately access to personal protective
equipments and notably, 30%(1.23+1.065) of the respondents
reported to utilize Personal protective equipment (PPE).
66.7% (1.42+0.0142) admitted to occasionally use the
personal protective equipment.
Implementation of safety practices by the facilities

76.7%(1.65+£0.058) of the respondents felt that used
medical sharps were well managed. 72.2% (1.63+0.051)
indicated that there was provision of vaccination services
while all (100%) had access to post exposure prophylaxis
services. Provision of training on health and safety was found
to be inadequate with 36.7% (1.39+0.086) satisfied with the
practice. At least 61.1% (1.71+0.077) were contented with the
availability of the PPE but 85.6 %( 1.62+0.140) indicated that
a lot more should be done in formation of health and safety
committees (Fig.10).

PEP

mw g
% Shafpsmanagement
80 Vaccine
0 PPE
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Safety trainin
© tytraining
o Safety Committee
n
10
0

Figure 10. implementation of waste management
practices.

Frequency (4]

Table 2. Observational findings on segregation and disposal of biomedical waste.

OBSERVATION YES | NO
% %
Availability of waste segregation guidelines 66.4 | 33.6
Availability of Red color coded waste containers 69.8 | 30.2
Availability of Yellow color coded waste containers 58.5 | 415
Availability of Black color coded waste containers 100 | O
Availability of Medical sharps containers 905 | 9.5

Presence of potentially infectious anatomical wastes e.qg. tissues, body parts | 85.2 | 14.8

Presence of potentially infectious blood and other body fluids 100 | O
Presence of used medical sharps 100 | O
Presence of chemical wastes 100 | O
Presence of food stuff wastes 100 | O
Presence of paper wastes 100 [ O
Proper segregation of wastes 52.7 | 47.3




50801 Ken Kimaywa Ignatius Wandabusi et al./ Elixir Health Sciences 118 (2018) 50797-50802

Observation Chart Finding
Waste generated and segregation

66.4 %( 1.32+0.021) of the sites observed had waste
segregation guidelines displayed at designated points to guide
in proper utilization of the color-coded containers. In 69.8 % (
1.54+0.0321) of the areas surveyed had red and yellow coded
containers respectively. Whereas in all the areas (100%) had
the black color-coded containers. In 90.5 %( 1.61+0.0124) of
the sites, medical sharp containers were available. Disposal of
potentially infectious anatomical wastes were observed in
85.2 %( 1.21+0.027) of the locations surveyed. Potentially
infectious blood and other body fluids, medical sharps,
chemical, paper, and foodstuff wastes were observed in all
the sites. Conclusively, in 52.7 %( 1.61+0.089) of the sites
surveyed, there was proper segregation of the wastes (Table
2).
Transportation and waste disposal

In the three Sub-County hospitals, 6 areas were surveyed
to determine transportation and disposal of wastes.
Wheelbarrows were used in 4(1.68+0.098) out of the six
areas. 1(2+0.000) facility used a cart whereas trolleys were
used in five of the locations. It was observed that at least in
5(1.78+0.098) of the locations, wastes were transported using
hand containers. It was noted that all the facilities had
designated waste disposal areas but in only 5(1.76+0.091) had
temporary storage facilities where 4(1.61+0.092) were in
good working condition. None of the facilities weighed nor
kept records of the waste generated (Table 3).
Methods of biomedical wastes treatment in place

For the treatment of wastes generated, incineration, land
disposal, autoclaving, and chemical, methods were applied in
all the three healthcare facilities. Only 2(1.21+0.100) of the
hospitals practiced deep burial of biomedical wastes. The
incinerator was found to be in good working condition in all
the facilities (Table 4).

Table 4. Methods of biomedical wastes treatment.
OBSERVATION YES | NO
% %

Treatment through incineration
Treatment through land disposal
Treatment through deep burial
Treatment through burning
Treatment through autoclaving
Treatment through chemical treatment
Incinerator in good working condition
Usage of personal protective equipment
Among the 90 participants, 91.7 %( 1.23+0.061) were
observed to don, remove, and dispose the hand gloves
correctly. Only 56.1 %( 1.60+0.071) and 24.5 %( 1.26%
0.078) wore protective clothes/gowns and footwear
respectively. When carrying out procedures, 76.8 %( 1.52+
0.021) of the workers were found to wear facial protection as
a form of personal protective gear (Table 5).

WwWwwWww|kr(wlw
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Table 5. Usage of Personal protective equipment.

OBSERVATION YES | NO
% %
Dons, removes, and disposes gloves correctly. | 91.7 | 8.3
Wears protective clothing/gowns 56.1 | 43.9
Wears protective footwear 245 | 755
Wears facial protection 76.8 | 23.2
Discussion

Provision of color-coded containers was important in
determining frequency of segregation practice among the
respondents with positive correlation coefficient of 0.82. Al
professionally trained staff, new segregation of sharps
correctly by use of safety boxes, This due to training they
receive while undergoing professional training. Inadequate
supply of the bags attributed the poor color-coding
segregation which mainly training medical staff who new
proper color-coding segregation. (F=2.85, P=0.02),
Contaminated waste (F= 2.361, P=0.047), Medical sharps
(F=3.871, P=0.03). (This was inconsistent with findings in
study done at Kenyatta National hospital (Njiru.M., 2015)
where nursing staff had the least level of awareness in waste
segregation at 40% and doctors at 50% while support staff at
51%. This may be due to tools of measurement as well as
calibration method used.

The global guiding principles of waste management form
a basis of waste management. Clinical officers, lab
technologists and medical doctors were aware of the
precautionary rule while 60% of nurses were conversant with
the precautionary rule where as none of the sanitary staff was
familiar with the rule. There was a positive correlation
coefficient between awareness of precautionary rule, and
proper segregation of anatomical waste 0.822, 0.922
infectious materials and 0.365 of sharp containers. This
indicates precautionary principle plays an important role in
hospital waste management. This also concurs with Oli et, al
2015 finding in the studies done in health facilities in Nigeria
where medical trained staff in government hospital had above
average knowledge on waste management and segregation.
Conclusions
1.The sub county hospitals in Mombasa county have
deficient waste management practices including poor
segregation and handling practices which is due to lack of
adequate regular supply of segregation materials and training
programs on biomedical waste management.
2.Waste management guidelines were also not readily
accessible by most of the healthcare workers.
Recommendations
1.The frequency and quality of training on infection
prevention, control, and biomedical handling practices should
be augmented in order to improve levels of knowledge,
awareness, and consequently on adherence to acceptable
biomedical waste handling practices.

Table 3. showing findings of waste transportation to disposal site.

OBSERVATION YES | NO
% %

Utilization of wheelbarrows

Utilization of cart

Utilization of trolleys

Utilization of hand containers

Transportation apparatus in good working condition

Presence of a specific area for health care waste disposal

Presence of a temporary storage premise large enough to handle the waste generated

Temporary storage facility in good working condition

Weighing and keeping records of the waste generated
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2.Regular infection prevention and control measures such as
sterilization and fumigation of the health care facilities and
equipments should be put in place to prevent the growth of
infectious microbes.

3.Proper and timely collection, segregation, disposal, and
treatment of biomedical wastes should be implemented. For
instance, all health care facilities should be installed with
fully functional and well-maintained incinerators..

4.More study should be done to establish Role of private
waste management firm in poor biomedical waste
management in Kenya.
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